Many of the functions required for formation of the imaginal discs of Drosophila melanogaster larvae, from which adult structures are derived, are discspecific and not required for formation of other larval tissues. Mutants blocked in disc-specific functions can produce mature viable larvae, indicating that larval development is not dependent on concomitant disc development.
Some of the mutant larvae have no detectable discs (discless mutants), and other have small discs that cannot differentiate into adult structures (small disc mutants). From the results of genetic complementation and mapping experiments with such mutants, it was estimated that the genome of D. melanogaster contains around a thousand complementation groups, or about a fifth of all complementation groups in the genome, that are essential specifically for the development of all the discs. The developmental defects in some of the disc mutants appear to involve autonomous functions of the imaginal cells, and in other mutants functions provided by the larval environment to support disc development. This distinction was made on the basis of two functional tests. The purpose of one of the tests was to detect the presence in young embryos of determined imaginal cells capable of differentiating after transplantation to a wild-type host; the other test measured the capacity of early third-instar larvae to act as hosts for the further development of immature discs transplanted from a wild-type donor. Three discless mutants that were tested in this way appeared to be defective in autonomous functions of the imaginal cells, since the embryos contained no imaginal cells that could be detected in the first test, whereas the larvae, although devoid of discs, showed a normal capacity to support disc development in the second test. One of the small disc mutants tested was defective in a larval rather than an imaginal cell function, since the embryos had a normal complement of functional imaginal cells, whereas the larvae were incapable of supporting disc development. Thus, both types of disc-specific functions are essential for normal disc development. Most of the adult structures of Drosophila are formed from the imaginal discs of the larva, which are composed of clusters of determined but undifferentiated imaginal cells (1) . The imaginal cells represent, on the one hand, a homogeneous group with many characteristics in common, and on the other hand, a heterogeneous group spanning a broad spectrum of determined cell types. Some of the common characteristics that distinguish the imaginal cells from other cells of the larva are the following: diploid instead of polytene chromosomes, small size and undifferentiated appearance, and rapid proliferation throughout larval development. Imaginal cells also have the unique capacity for maintaining their determined state during prolonged periods of proliferation in culture (2) . There are mutants with developmental defects that primarily affect the imaginal discs, and not the other tissues of the larva (3, 4). Such mutants are able to develop until the end of the larval stage, but usually die just before or during the pupal stage when the discs become essential for the subsequent formation of the adult fly. The occurrence of these mutants indicates that certain aspects of disc development are under the separate control of genes that are not otherwise involved in larval development.
In some of the mutants all the discs are affected, and in others only certain discs. This report is concerned with two classes of the mutants in which all the discs are developmentally blocked. One class produces larvae without any detectable imaginal discs, and the other class produces larvae with small immature discs that cannot differentiate into adult structures (Table 1) . Genetic complementation and mapping tests were done to estimate the number of genes involved with the two mutant classes. Various physiological tests were also done with the mutants, and these have provided further information about the developmental defects responsible for the mutant phenotypes.
MATERIALS AND METHODS Strains. The lethal mutants were kept as balanced heterozygous stocks, in which the mutant third-chromosome was marked with e and mwh, and in some cases also red, and the balancer chromosome was TM1 (3) . The standard wild-type strain was Oregon-R.
Isolation of Letha7 Mutants with Imaginal Disc Defects. A total of 57 third-chromosome recessive lethal mutants were used in the present study. The isolation of 26 of these was described in an earlier report (3); 11 were chemically induced by ethyl methanesulfonate (EMS), eight by N-methyl-N'-nitrosoguanidine (NG), and seven by the acridine compound ICR-170. The other 31 mutants, all EMS-induced, were subsequently isolated by a modified procedure in which the concentration of EMS was reduced to 1.2 mM, and an additional cross was added to avoid the recovery of mosaic progeny (5) .
The mutants were initially isolated in a screening procedure for lethals that died late in development (3) . The occurrence of disc defects was determined by examining the larvae for missing or morphologically abnormal discs; the abnormal discs were tested for their capacity to differentiate by transplantation into normal larval hosts (3). (Table 3 and Fig. 1 ). The distribution of these sites is similar to that of other third-chromosome mutants (8) cells can be detected in normal embryos as early as the cellular blastoderm stage, about 3 hours after fertilization, by transplanting suspensions of the embryonic cells first into adult hosts and subsequently into larval hosts (see Methods). All of the adult structures known to be derived from the imaginal discs are produced by normal embryonic cells tested by this procedure (6, 7) . Similar tests were done with some of the discless and small disc mutants. The embryos used for these experiments were collected from heterozygous stocks which had the third-chromosome genotype mwh e lethal/TM1, and therefore should have contained the following genotypes in a ratio of 2:1:1: mwh e lethal/TMJ, mwh e lethal/mwh e lethal, and TMJ/TMJ. The TMJ/TM1 genotype is probably cell lethal and therefore should not contribute to the results of the experiment. As a control, embryos from a mwh e/TM1 nonlethal stock were also tested. The results obtained with the discless mutant AS and the small disc mutant B5 reveal a striking difference in the behavior of the two mutants ( Table 4 ). The discless mutant produced no identifiable adult structures with the homozygous mutant markers, although all of the expected heterozygous structures were found, whereas the small disc mutant produced the complete range of both the homozygous and heterozygous adult structures, similar to the control. Thus, embryos of the discless mutant contain no detectable imaginal cells, in contrast to embryos of the small disc mutant which contain all of the expected types of determined imaginal cells. Another discless mutant A10 that was tested in these experiments, and a third discless mutant AS reported elsewhere (8), behaved like AS.
2. Larval competence to support disc development. The thirdinstar stage is an important period for disc growth and maturation, during which the discs more than double in size and develop characteristic folds (Fig. 2a) , and also acquire the capacity to differentiate (9) . If discs from an early thirdinstar wild-type donor are transplanted to an early thirdinstar wild-type host and subsequently kept for 3 days at 200, the transplanted discs complete their growth and maturation. This procedure was used to test the capacity of early third-instar larvae from the discless mutants AS and AJO, and from the small disc mutants B1 and BE, to support disc development. The transplanted wild-type discs underwent normal growth and maturation in the two discless hosts (Fig. 2b) , and also were able to differentiate when subsequently injected into a late third-instar wild-type host. The two small disc hosts did not support normal disc development. In the B5 host the transplanted discs did not grow (Fig. 2c) but did retain the capacity to develop and differentiate when subsequently injected into an early third-instar wild-type host. In the B. host the transplanted discs grew to some , the disc appears lighter and less granular than in the other photographs; this difference was caused by a change in the diaphragm opening on the microscope. The magnification was X 100 for all photographs.
extent but did not acquire the appearance of a mature disc (Fig. 2d) . After this period in a BJ host, in contrast to a B5 host, the wild-type discs were no longer able to develop and differentiate when injected into early third-instar wild-type hosts.
The results of the preceding functional tests with the small disc mutants indicate that competent imaginal cells are present at an early embryonic stage, but the discs fail to develop normally because of a defect in the larval environment. The discs in mature third-instar larvae of small disc mutants are similar in appearance to the discs in young third-instar wild-type larvae, and therefore might be capable of further development in a normal larval environment. To test this points discs were transplanted from third-instar B5 larvae into early third-instar wild-type hosts. The mutant discs grew only slightly in the host larvae, and did not differentiate during host metamorphosis, indicating that the mutant discs had become irreversibly altered by the third-instar stage.
One of the three noncomplementing pairs (see Table 2) consists of the discless mutant All and the small disc mutant B15, suggesting that this phenotypic distinction does not always have functional significance. The small disc member of the pair was further examined to determine whether, in the test for larval competence to support disc development, its behavior corresponded to the discless or small disc mutants previously tested. Discs from young third-instar normal larvae were transplanted into young third-instar B15 hosts; after 3 days the transplanted discs had grown and matured to the same extent as in a normal or discless host (Fig. 2e) .
DISCUSSION
The genetic mapping and complementation analyses of the discless and small disc mutants have revealed a complex genetic system controlling the development of the imaginal discs of D. melanogaster. Each of the 26 mutants mapped could be assigned to a single site on the third-chromosome (Fig. 1) . The complementation tests, which included 31 unmapped mutants, identified 52 separate complementation groups on the third-chromosome (Table 2) , and we have esti-mated* there should be 383 more unidentified groups on this chromosome. Since the third-chromosome comprises about 40% of the entire genome (10), the total number of such complementation groups could be around a thousand, which would represent about a fifth of all complementation groups in the genome (11) . These complementation groups control gene functions that are essential specifically for the formation of all the imaginal discs, and not for the development of the larva.
Drosophila development proceeds along two major pathways, a larval pathway and an imaginal pathway, each having considerable autonomy. It seems remarkable that so many of the reactions involved in the imaginal pathway are controlled by genes that are not needed for the larval pathway, as many as a thousand, as suggested by the genetic complementation results with the disc mutants. These genes might control functions that are unique to the imaginal pathway, or alternatively there might exist duplicate genes that control the same functions for the larval pathway.
The developmental defects in some of the disc mutants appear to involve autonomous functions of the imaginal cells, and in other mutants functions provided by the larval environment. This distinction was made on the basis of two functional tests. The purpose of one of the tests was to detect the presence in young embryos of determined imaginal cells capable of differentiating after transplantation to a wild-type host; the other test measured the capacity of early third-instar larvae to act as hosts for the further development of immature discs transplanted from a wild-type donor. The three discless mutants tested appeared to be defective in autonomous functions of the imaginal cells, since the embryos contained no imaginal cells that could be detected in the first test, whereas the larvae, although devoid of discs, showed a normal capacity to support disc development in the second test. One of the small disc mutants was defective in a larval rather than an imaginal cell function, since the embryos had a normal complement of functional imaginal cells, whereas the larvae were incapable of supporting disc development. Thus, both * We have assumed that the mutants isolated represent a random sample from all of the possible complementation groups on the third-chromosome. The number of complementation groups with one and two members ( types of disc-specific functions are essential for normal disc development.
Two additional small disc mutants were also tested for the capacity of third-instar larvae to support disc development. One of the mutants showed a partially positive reaction; the transplanted disc grew to some extent in the mutant host but did not fully mature. The second mutant showed a normal capacity for supporting disc development. The latter is the exceptional small disc mutant that forms a noncomplementing pair with one of the discless mutants. Thus, the small disc phenotypic class is functionally heterogeneous, including defects in autonomous imaginal functions as well as in various larval functions.
The disc mutants provide valuable and probably essential material for the analysis of the imaginal pathway of development in Drosophila. What is especially intriguing about this aspect of Drosophila development is that it focuses on a most fundamental feature of embryology, the process of cell determination. By the end of the larval stage, the imaginal cells have become autonomous units of development, which can either undergo specific differentiation when exposed to the hormone ecdysone or be cultured in vivo as determined cell lines. Since the number of steps involved in cell determination is formidably large, mutants appear to provide the best hope of eventually dissecting the process into its component parts.
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